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@ A method for increasing the hematocrit of a normal mammal. 

@ A method for increasing the hematocrit of a normal 
mammal using erythropoietin (EPO) is provided. The method 
comprises the steps of administering to the mammal a 
hematocnt increasing effective amount of EPO. in a pharmaceu- 
tically acceptable form. Additionally administered Is an effective 
amount of iron, in a pharmaceutically acceptable form, sufficient 
to increase the serum iron content of the mammal to an 
erythropoiesis supportable level. 
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Description 



A METHOD FOR INCREASING THE HEMATOCRIT OF A NORMAL MAMMAL 



Background of the Invention 

The present invention relates to a method for increasing the hematocrit and the rate of erythropoiesis of a 
normal mammal and specifically relates to a method for doing so by administering effective amounts of 
erythropoietin and iron. 

It has long been the practice in both pre and post-operative therapy to attempt to expand the patient's red 
blood cell population. Typically, such red blood cell expansion has been achieved by the transfusion of 
homologous blood received from various donors. Recently, however, there has been heightened concern 
about the safety of homologous transfusion, aroused by the discovery that acquired immunodeficiency 
syndrome (AIDS) as well as other Infectious diseases such as hepatitis, can be transferred by blood 
transfusions. Further, the present method of screening blood donors does not entirely eliminate the possibility 
of transfusion transmitted infections in donated homologous blood. For instance, tests for non-A, non-B 
Hepatitis have been found to be relatively unreliable and tests for antibody to the AIDS virus have failed to 
detect blood donors with virema. 

Accordingly, interest in recent years has increased in red blood cell expanding techniques other than 
homologous transfusion, and specifically in so-called autologous transfusion. 

Autologous transfusion has been accomplished in the past by essentially two ways: 1) through the 
intraoperative salvage and retransfusion of the patient's blood during surgery; and 2) through donation by the 
patient of the required amount of blood before surgery I.e. pre-deposit or pre-donation. The clinical and 
laboratory procedures used in collecting, preserving and transfusing autologous blood are the same as those 
used routinely in providing homologous blood to patients. Such procedures require administration 
arrangements for gaining access to the medical services and for insuring that the autologous blood, once 
collected, gets to the correct patient who pre-deposited it. These arrangements, coupled with the great 
inconvenience to the patient, have resulted in dissatisfaction and less use of autologous transfusion that 
would otherwise be made of such techniques. 

Accordingly, there is a need for less inconvenient but satisfactory alternative to homologous blood 
transfusion. 

Summary of the Invention 

In accordance with the present Invention, a method is provided as an aiternative to homologous blood 
transfusion which method avoids the risk of the patient's receiving contaminated homologous transfusions. 

SpjBcifically, it has now been discovered that the hematocrit and rate of erythropoiesis of normal mammals, 
such as humans, may be increased by administering to the mammal a hematocrit Increasing effective amount 
of erythropoietin, in a pharmaceutically acceptable form. The erythropoietin is administered in conjunction with 
the step of administering to the mammal, iron, in a pharmaceutically acceptable form and in an amount 
sufficient to increase the serum Iron content to an erythropoiesis supportable level. Thus, for example, the 
hematocrit may be maintained while withdrawing blood for autotransfusion techniques. 

Prior to the discovery associated with the present Invention, it was suggested that the administration of 
erythropoietin (EPO) is beneficial in EPO deficient patients. Early studies of the effect of EPO-rlch plasma in 
patients with end-stage renal disease have been reported with variable results (Esser. U. et al. Proc. Eur. Dial. 
Transp. Ass.. 1974, 11 :398-402). These prior methods of using EPO have been confined to the treatment of 
diseased or unhealthy individuals, especially those exhibiting anemia and having low hematocrits. It has 
heretofore been thought that EPO therapy would not be useful for normal Individuals, i.e. those having a 
normal hematocrit. In fact, the potential benefit of EPO therapy to correct anemia was doubted because of the 
concern that erythropoietin inhibitors might block the effect of the EPO. 

Such doubt about EPO treatment in normal mammals was apparently confirmed in our early experiments, 
wherein EPO treated mammals failed to respond. This doubt was unexpectedly extinguished, however, with 
our discovery that by employing, in conjunction with EPO, iron, in an amount sufficient to support 
erythropoiesis, a dramatic Increase In the hematocrit treated normal patients resulted. 

Brief Description of the Drawings 

Figure 1 depicts the hematologic parameters of erythropoietin treated subjects prior to employing the 
teachings of this invention ; and 

Figure 2 depicts the hematologic parameters of erythropoietin treated subjects after treatment in 
accordance with this invention. 

Detailed Description of the Invention 

The present invention provides a method for increasing the hematocrit, and the rate of erythropoiesis of a 
normal mamma! by treating said mammal with effective amounts of iron and EPO. 

The hematocrit is a measure of the red blood cell mass of a mammal's blood and is generally determined by 
simply loading a sample of whole blood Into a capillary tube and centrifuging the tube to pack red blood cells in 
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are greater thar. 370*, and to noSimrSf m. MJSSf "'■""""I' 

techniques. By employing the present mShSTlT^^^^^ *® autologous transfusion 

by as much as ten^oTover normSf S ' ^^^^^ 

^r^'oTr'Z'ST^^^^^ Which is 

mass at an optimal level. EPO has ar^^acWvMrh ^"'^^ ^ '^'^ (erthyrocyte) 

cells) resulting in the differential o^^^^^^^ stlM k nt ' !?J?^°P°'««'s formation of red blood 

EPO has been Widely exSed as a ^^a^SSrthe liSl?rl^^^^^^^^ ^^"^^ °' ^'^''^ ^^^^'^V- 

low or defective red blood cell prodSoS S as aSX S^^^^ '^^f°''^^'^ characterized by 

investigations were limited prior to theSvSnf^lJomhSi i ^^^^^ ^"^'"i^- "°wever, such 
large amounts of purrhum^ EPO ^o^^nbinantly produced EPO because of the unavailability of 

international Patent Applicatio'n PubSion No . ^Sss^mTo t^m m03^^'Zl^: TT'' 
for producing EPO provide the advantage of a source of reWlve^ pure EPO^^^ hT * techniques 
quantities inexpensively. Recombinant monl<ev EPO h« h«„ .^^^ ? . " Produced in large 
hematocrit of BalbC mice (see EgTe J c e^^^^^^^ ''^^wn to elevate the 

the recombinantty derived hum^ BpfZcrit^^ln^^^^ ^^^^ 

pal»Jn'Srr^^^^^ f P-*-"V- suitable routes of ^ 

rhSK=er=^^^^^ 

.erofZ^1~ 

increasing effec«ve amount of EPO te n tL^?^^^^^ 9'"^^^' ^ ^^^"^^^ 

as a single dose given severa days each weSTpr^^Sv^t^^^^^^^ (^^^9) 

dose administered several times weekly ^' '^''^ '^"9* ^^^^ ^/kg as a single 

o2t a^Lt^^SaTr^^^^^^^^ ^« ' -^J-^ -i-tion iron In 

be administered a^ tSeTame «me as I mttl?« t T ^^/'^'"'"'«t«^ed separately or they may 

acceptable form. Ora prepaTations of fe^^^^^ pharmaceuticallj 

solution. Any of the various e^ous s Jte^ hvltl ^r m T' °^ * ^^^'^^^ ^y^^P °r 
sjt Such sL IncludeWrgSa"^^^^^^ 

cholinisocitrate. and carbonate Reduced iron fmPtX ir«L . . ' ? ®' Pyrophosphate, 

powder may also be used Reducina aoents fP i acnl ' .Jf^l"'^ ^a^bonyl iron 

acid or sulftir ccnt^r^^nn ..^rrrr:Z^^^^^^^ ^'^^ chelating agents (e.g.. succinic 

a. r/rSrSsrrr^rrrr^rds'^^ 

iron which is generally abso^ed in the small S5pT« 2 ^I """^ f °' transferrin bound iron is dietary 
Without being bound by such theory, based on our work It is now believed t?a?onSl 2 e^ctive amount of 
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EPO is present in a mammal's blood, the controlling parameter affecting the rate of erythropolesis is the 
available iron bound to transferrin which in turn may be expressed as the percent saturation of transferrin. It 
follows then that for EPO therapy to be effective in the normal individual, the percent saturation level of 
transferrin must be increased above such individual's normal levels. The percent saturation level should be 
5 increased by a factor of about 1 .2-3.0 in order to achieve a level high enough to support erythropoiesis. We 
have found that increasing the patient^s saturation level by a factor of as little as about 1.5 will dramatically 
increase the rate of erythropoiesis. Preferably, such levels should be increased by a factor in the range 
1.5-2.5. 

In most normal humans, iron administered at the rate of 100-1500 mg per day will produce the requisite 
10 increase in saturation levels. Preferably, the iron should be administered at the rate of 300-900 mg per day. The 
iron therapy should begin about 1-21 days prior to EPO therapy. Preferably, iron therapy is begun 14 days 
before EPO therapy and continued throughout the entire treatment period. It will be understood that the 
choice of therapy is dependent on such factors as the iron status of the individual as well as any other 



15 Various treatment regimens may be used in the practice of the present invention. One treatment regimen 
which may be used is as follows. A suitable amount of iron sufficient to increase the serum iron content of the 
patient to an erythropoiesis supportable level is administered to the patient 14 days prior to EPO therapy at 
one or more doses per day, for example, three times a day. EPO is also administered on day 14 at one or more 
doses per day, preferably one dose per day. It is also possible to administer iron only several times a week. e.g. 
20 two or three doses per week. This treatment regimen is then continued each day until the hematocrit of the 
patient reaches a desired level. Variations of this regimen, such as alternating EPO and/or iron treatment on 
every second or third day, would be determined by the skilled practitioner. A preferred total treatment period is 
about 21 days beginning with the first day of EPO therapy. 
The invention will be further clarified by consideration of the following example, which is intended to be 
25 purely exemplary of the use of the invention. 



Recombinantly produced human-EPO (Amgen Corporation. Thousand Oaks, California) was used. The 
specific activity of the recombinant human-EPO was 129,000 units per milligram of hormone. One unit of EPO 

30 is that quantity which provides a response similar to 5 micromoles of Cobalt as is described in The Johns 
Hopkins Medical Journal (1980), Vol. 146 at pp. 311-320. The recombinant human-EPO was greater than 990/o 
pure and formulated In a buffered saline solution containing 2.5 mg/ml human serum albumin. 

Four healthy adult volunteers (age 18-45) were selected for the study. The following is a partial list of the 
criteria used to select the patients. Each patient did not have clinically significant abnormal values for the 

35 following hematology tests: hemoglobin, hematocrit (did not exceed the upper limit of the laboratory normal 
range) ; total erythrocyte count (did not exceed the upper limit of the laboratory normal range) ; total leucocyte 
count, including differential; platelet count; and reticulocyte count. Each patient did not have clinically 
significant abnormal values for the standard serum chemistry tests, urinalysis, ferritin determination, serum 
iron and TIBC. Additionally, each patient had a normal erythropoietin plasma level. TIBC and serum Iron levels 

40 were determined prior to the initial dose of EPO on day one and then again on days 10 and 17. Ferritin levels 
were determined on day one. day 10 and day 17. 

The normal humans patients were treated with EPO alone over a 17 day period. The dosing regimen was 200 
U/kg of body weight by I.V. bolus injection on days 1 and 14-17 for patients 201, 202, and 203. Patient 304. 
however, received 300 U/kg. As can be seen from Figure 1, no significant difference in hemoglobin or total 

45 reticulocyte levels were observed. 

Referring to Tables 1-4. it is noted that the percent saturation level for each patient was then increased by 
71.4, 51.0. 46.7. and 150o/o respectively for patients 201. 202, 203 and 304 by the following regimen. Each 
patient was given ferrous sulfate tablets at approximately 300 milligrams 3 times each day (i.e. 900 mg. per day) 
for two weeks prior to EPO administration and continued daily throughout the treatment period. As can be 

50 seen in Figure 2. the patients had a brisk retlculocytosis and increase in hemoglobin after iron loading. Total 
reticulocyte count increased dramatically between days 4 and 10. Hemoglobin levels steadily increased over 
the entire course of treatment. 

The following tables provide data on the profiles of the patients both before and after iron loading. Ferritin 
values are reported as ng/ml. Serum iron values (Fe) and TIBC values are reported as micrograms/1 00ml. 

55 Hemoglobin (HGB) values are reported as g/IOOml. The total number of reticulocytes are reported as NxlO* 
cells/mm^. Fe/TIBC values are reported as percentages. 
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Table 1 

Patient 201 - Before Iron Loading 
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10. 
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12.7 


13.6 


10.5 


•14.2 


16.1 


11.8 


15.6 


21.6 


Hgb 


16. 


3 


•16.5 


16.1 


16.7 


17.3 


17.0 


.17 .-3 


16.9 


14.3 



. Patient 201 - After Iron Loading 



10 13 14 15 16 



Ferritin 56.4 — -- 30,9 



Fe 79 
TIBC 345 



24 

339 — 

Fe/TIBC 22.8 — — 7 

Tot.Retics 8.2 10.9 32.0 55.0 46.4 53.8 57.5 70.5 
Hgb 17.0 17.6 17.2 18.1 19.3 19,5 19.6 19.1 
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A. Patient 203 - Before Iron Loading 



1 4 7 10 13 



14 15 16 17 



Ferritin 16.6 — — 5.9 

Pe 69 — 15 

TIBC 351 — — 

Fe/TIBC 19.7 — 4.3 

Tot.Retics 2.4 10,0 13.2 10.9 15.2 11. 7 28.4 14 4 

Hbg -. 14.7 14.8 14.4 14.1 14.4 14.8 14.9 14.1 14.'2 



B. Patient 203 - After Iron 



Loading 



3.4 
378 



1 4 7 10 13 



14 15 16 



Ferritin 30 — 12.8 

98 — ._ 26 l[ 

■^^SC 339 - " ^. II 

Pe/TIBC 28.9 — 

Tot.Retics 6.5 10.1 17.6 52-.6 46.9 44.2 67.4 6"o 5 

Hgb 14.5 13.7 14.2 14.8 15.3 15.5 15.3 15.7 
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A. Patient 204 - Before Iron Loading 



10 



IS 



20 



10 13 



14 



15 16 



17 



Ferritin 10.2 — — 5.4 ~ — — — 4.5 

Fe 84 — — 19 — — — — I'' 

TIBC 402 — — 396 — — ,— -- 381 

Fe/TIBC 20.1 — — 4.7 — — — — 4.4 

Tot.Retics 13.4 7.0 13.5 13.7 15.1 16.6 11.2 14.9 11.4 

Hgb 17.0 15.2 16.3 17.0 16.6 16.2 16;2 16.8 16.4 
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B. Patient 204 - After Iron Loading 



10 



13 



14 



15 16 



Ferritin 50 -- ■-— 29.4 — 

Fe 183 — — 35 

TIBC 363 — — 300 — 

Fe/TIBC 50.4 — — 11.6 ~ 

Tot.Retics 15.4 3.4 29.0 36.5 55.1 59.2 75.2 80.7 

Hgb 15.7 16.9 17.1 17.1 18.1 17.9 18.4 19.1 



As can be seen by the blood profiles of the patients after loading with Iron, the ferritin, serum Iron and 
Fe/TIBC levels were at much higher levels for each patient than prior to iron loading and these levels were 
sufficient to sustain erythropoiesis. as evidenced by the increased values for total reticulocytes and 

hemoglobin. , .u 

Thus, this experiment demonstrates that normal subjects can respond to EPO therapy, as long as they are 

provided with sufficient iron to support erythropoiesis. 
Other embodiments of the invention will be apparent to one skilled in the art from a consideration of this 

specification or practice of the invention disclosed herein. It is intended that the specification and example be 

considered as exemplary only, with the true scope and spirit of the invention being indicated by the following 

claims. 
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hemVoc":!?^^^^^ °^ - ^«-«ve to increase the 

«f thlmrmou ^"'f"^ acceptable form of iron in an amount effective to increase the serum Iron content 
of the mammal to a ievei at which erythropoiesis can be supported 

of the mammai"'' =^P^^«t« °^ ^^^"^ntial use in increasing the hematocrit 5 

3 ?h?n7oH"ncf°lf'1'" ^ ' f T'" " ^""^'"^ P^^^^eral administration. 
^^^S^^^;:^ ^ ^^"^'"'-ation by intravenous, 

froSruS^^^^^^^^^ - 

5. The product of any one of claims 1 to4, wherein the iron is in aform suitable for oral administration 
admlnisXn °" °' ^'^""^ ' ^ suitable^ paSeral 

Jr:::':Tcsn^^^^^^ ]J:^S^ - the . 

fromToorsSX^so^^^^^^^^^ 

three'JLTp'e" d^"' °^ ' *° ^ ^^'^^'''^ administration one to 

10. A pharmaceutical composition comprising* ^ 

hem^tST/niarmtf ^^^^ °' ^^"^^ ^ --"^ the 

thl'!l!!""^''u *''f"^ acceptable form of iron in an amount effective to increase the serum iron content 
of the mammal to a level at which erythropoiesis can be supported 

in a pharmaceutically acceptable excipient. ' ^ 

11. A composition, for use in a regimen of administering iron and EPO to a normal patient comDrisina 

dlu o^nH M^""^'? ^ "^^^.'^ ^ delivering to a normal patient Iron at 100 to 500 milligrams per 30 

t7t:nt^^^^^^ ^'"^ ' ^"'^^^'^ ^ ^-^9^ 1S to 1500 units pS^X 

mammrr""" '''' ^""''^"'"^ ^"'^"'^^'^^ ^ "^^"^"^ ^^"^^ ^^'^^ ^^"^P^^^^^ administering to the 

normafmTmTiS"' ""'^^'^^ ^ ^^^^ the hematocrit of a ss 

of th?m«mmS^^^^^ f f ^^^^u ' ^''^ ^"^^"^^^ ^^^^^^^^ ^"^^^356 the serum iron content 

ofthe mammal to a level at which erythropoiesis can be supported. 
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